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I INTRODUCTION AND SUMMARY 

This  In te r im Technical Report N o .  1 summarizes t h e  work done under 

JPL Cont rac t  No. 950324, S R I  Project  N o .  PLU-4257, during t h e  per iod 

October 1 t o  November 6 ,  1962 and January 17 t o  May 31, 1963. 

The o b j e c t i v e  of t h i s  program of work i s  t o  provide a d e f i n i t i v e  

s tudy  of t h e  e f f e c t  of high vacuum (p res su res  g r e a t e r  than  lo-* mm of 

Hg) and temperatures  i n  t h e  range of 400 t o  55OoK on polymeric m a t e r i a l s  

which a r e  s u i t a b l e  f o r  use i n  spacec ra f t s .  The program i s  designed: 

(1) t o  determine changes i n  pe r t inen t  physical  p r o p e r t i e s  of s e l e c t e d  

polymers, ( 2 )  t o  determine, i f  poss ib le ,  modes of polymer degradat ion 

i n  space environment, and (3) t o  a s c e r t a i n  t h e  e x t e n t  t o  which warm 

polymers i n  a vacuum r e l e a s e  substances which a r e  condensable a t  tempera- 

t u r e s  i n  the  v i c i n i t y  of 25OC. 

The m a t e r i a l s  being s tud ied  a re  laboratory-prepared ( o r  p u r i f i e d )  

polymers and commercial polymers such a s  Tef lons ,  Vi tons ,  Mylars,  

polyamides, and s i l i c o n e  rubbers .  

The procedure and preliminary r e s u l t s  of t h e  s tudy of polymer 

degrada t ion  by means of mass spectrometry a r e  d iscussed  i n  Sec t ion  I1 

of t h i s  r e p o r t .  Analysis  of mater ia l  evolved by a sample of labora tory-  

prepared Nylon-6 i n d i c a t e  t h a t  the m a t e r i a l s  v o l a t i l i z e d  dur ing  t h e  

i n i t i a l  hea t ing  and evacuat ion a re  €-caprolactam and water .  

The design of t he  appara tus  which i s  being used f o r  t h e  v o l a t i l e  

condensable ma te r i a l  (V.C.M. ) s t u d y  i s  descr ibed i n  Sec t ion  111; drawings 

and photographs a r e  inc luded .  A prel iminary run on a s i l i c o n e  rubber has  

been completed; o i l y  ma te r i a l  was c o l l e c t e d .  

Sec t ion  I V  i nc ludes  an ou t l ine  of t he  s y n t h e t i c  r o u t e s  f o r  prepara- 

t i o n  of Nylon-6 and t h e  polyurethanes which w i l l  be used f o r  t h e  determina- 

t i o n  of t he  mechanisms of chemical degrada t ion  of polymers i n  a s imulated 

space environment. The py ro lys i s  chamber and vacuum assembly which w i l l  
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be  used t o  s tudy  t h e  degrada t ion  of Nylons has  been completed. The thermal 

deg rada t ion  of polyurethanes i n  vacuum has been followed by i n f r a r e d  

spec t roscopy,  and a t e n t a t i v e  mechanism f o r  t h e  degrada t ion  of one of 

the polyure thanes  i s  g iven .  

The test program f o r  determining changes i n  mechanical p r o p e r t i e s  

of polymers sub jec t ed  t o  a vacuum-thermal environment i s  o u t l i n e d  i n  

S e c t i o n  V, and a d e s c r i p t i o n  i s  given of appara tus  cons t ruc t ed  f o r  t h e  

v a r i o u s  tests.  S t r e s s - r e l a x a t i o n  and c r e e p  tests are underway i n  a 

vacuum chamber; t h e  s t r e s s - r e l a x a t i o n  and c r e e p  measurements are made 

i n  s i t u .  The t e n s i l e  p r o p e r t i e s  a t  cons t an t  s t r a i n  ra te  ( I n s t r o n )  of 

t h e  cand ida te  polymers w i l l  be determined be fo re  and a f t e r  s t o r a g e  i n  a 

vacuum-thermal environment. Comparative tests w i l l  be performed i n  

i n e r t  gases  and i n  a i r  a t  one atmosphere and f o r  pe r iods  as long as t h r e e  

months . 

-- 
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I1 MASS SPECTROMETER STUUY OF POLYMER DEGRADATION 

Extensive s t u d i e s  have been conducted over t h e  pas t  twenty years  

on t h e  p y r o l y t i c  degradat ion of polymers; t h e  purpose of t h e s e  s t u d i e s  

h a s  been t o  i d e n t i f y  t h e  products of decomposition and t o  d e t e c t  s t ruc -  

t u r a l  changes.  For  t h e  most p a r t ,  t h e s e  s t u d i e s  have involved r a t h e r  

r a p i d  pyrolyses  of polymeric ma te r i a l s  a t  temperatures  g r e a t e r  than  

250 C i n  high vacuum o r  i n  a i r  or oxygen atmospheres, with or without 

u l t r a v i o l e t  r a d i a t i o n .  The v o l a t i l i z a t i o n  of polymers i n  high vacuum - 

and a t  lower temperatures  (25-125 C ) ,  such a s  the  environment of o u t e r  

space ,  has  not  been given much a t t e n t i o n  except  f o r  occas iona l  r e fe rences  

t o  t h e  poss ib l e  r e l e a s e  of occluded gases ,  r e s i d u a l  monomer, excess  

mois ture ,  e t c  . 

0 

0 

The k inds .of  campounds re leased  o r  formed by a polymeric ma te r i a l  

i n  a s imulated space environment and the  in f luence  of t h i s  environment 

on t h e  mode of chemical degradation a r e  important  cons ide ra t ions  i n  t h e  

s e l e c t i o n  of polymers f o r  spacecraf t  u s e .  Since t h e  commercial polymers 

which may be ,used i n  t h e  spacec ra f t s  a s  g a s k e t s ,  s e a l a n t s ,  po t t i ng  compounds, 

e t c .  usua l ly  a r e  not  pre- t rea ted  to  remove v o l a t i l e  m a t e r i a l ,  i t  i s  the  

t h e  purpose of t h i s  p a r t  of t h e  program of s tudy t o  determine t h e  n a t u r e  

of t h e  v o l a t i l e  m a t e r i a l  which i s  re leased  fram s e l e c t e d  commercial 

polymeric substances i n  vacuum a t  temperatures  up t o  125 C;  i n  a d d i t i o n ,  

v o l a t i l e  ma te r i a l  r e l eased  from laboratory-prepared "pure" polymers w i l l  

b e  determined. I t  i s  a n t i c i p a t e d  t h a t  t hese  comparative s t u d i e s  w i l l  

i n d i c a t e  whether t h e r e  i s  any d i f f e rence  i n  t h e  degradat ion modes between 

commercial and "pure" polymers, or i f  improvement of commercial formu- 

l a t i o n s  k s  poss ib l e .  

0 

One of t h e  m o s t  d i r e c t  methods of i d e n t i f y i n g  m a t e r i a l s  which a r e  

r e l eased  from a polymeric substance i n  a s imulated space environment i s  

by t h e  u s e  of mass spectrometry.  The mass spectrometer  i s  i d e a l l y  s u i t e d  

f o r  t h i s  t y p e  of a n a l y s i s  f o r  t h e  fol lowing major reasons:  
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Only a very small sample i s  necessary  (of t h e  o rde r  of 5 
mi l l ig rams)  ; 

Polymeric subs t ances ,  such a s  might be  used i n  a s p a c e c r a f t ,  
g e n e r a l l y  have very  l o w  vapor p re s su res ,  and t h e  s e n s i t i v i t y  
of t h e  mass spectrometer p e r m i t s  a n a l y s i s  of materials a t  low 
p res su res  ; 

The vapors r e l e a s e d  by t h e  polymer can be scanned p e r i o d i c a l l y  
without a l t e r i n g  cond i t ions  of vacuum or t empera ture ,  and a l l  
g a s e s  present  w i l l  appear i n  a s i n g l e  scan;  

Loss of sample or contamination, such a s  may r e s u l t  when vapor- 
i z e d  materials a r e  c o l l e c t e d  and t r a n s f e r e d ,  i s  e l imina ted  by 
d i r e c t  a n a l y s i s  of v o l a t i l i z e d  m a t e r i a l  as evolved. 

A p pa r a t u s 

The mass spectrometer used i n  this work i s  a Consol ida ted  E lec t ro -  

dynamics Corpora t ion  Model 21-103C which has  been modified t o  inc lude  an 

a d d i t i o n a l  sampling s y s t e m  between t h e  normal i n l e t  system and t h e  ana lyzer  

t ube ;  t h i s  s y s t e m  permi ts  f a c i l e  in te rchange  of va r ious  sampling dev ices ,  

o p e r a t i o n  wi th  or without t h e  gold (molecular )  l e a k ,  a l i ne -o f - s igh t  pa th  

d i r e c t l y  i n t o  t h e  ana lyz ing  reg ion ,  and a small  working volume (about 

80 cc compared with t h e  3- l i ter  expansion sys tem) .  

pump s y s t e m  g e n e r a l l y  employed f o r  exhaus t ing  t h e  ana lyze r  r eg ion  has  

been rep laced  wi th  a 4 0 - l i t e r  per  second VacIon pump, and the  o i l  d i f f u s i o n  

pump on t h e  i n l e t  s ide has  been replaced with a 15-liter per  second 

VacIon pump. The replacement of t h e  mercury pump e l i m i n a t e s  co ld - t r aps  

and t r a c e s  of mercury  vapor i n  t h e  ana lyz ing  t u b e ;  replacement of t h e  

o i l  d i f f u s i o n  pump i n  t h e  i n l e t  s i d e  e l i m i n a t e s  hydrocarbon contamination 

throughout t h e  e n t i r e  s y s t e m .  The vacuum a t t a i n a b l e  i n  t h e  i o n  pump i s  

b e t t e r  t han  1 x mm of Hg, the p re s su re  on t h e  pump s i d e  of t h e  

ana lyz ing  a r e a  i s  of t h e  o rde r  of 1 x lo-' mm of Hg, and t h e  p re s su re  i n  

t h e  i o n i z i n g  r eg ion  and sampling region i s  about 1 x mm of Hg. 

The mercu ry  d i f f u s i o n  

Because  t h e  polymers selected f o r  t h i s  program of work e x h i b i t  low 

vapor p re s su res  and r a t e s  of evapora t ion ,  t h e  molecular l eak  between t h e  

sampling system and t h e  i o n i z i n g  region has  been removed so as  t o  i n c r e a s e  

t h e  ove r -a l l  s e n s i t i v i t y  of t h e  ion-gun. Samples of m a t e r i a l s  (5-6 mg) 

a r e  placed i n  a 6-mm g l a s s  tube  which i s  jo ined  by a Kovar tube  t o  t h e  
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s t a i n l e s s  s teel  i n l e t  p a r t  of t h e  modified analyzer-tube assembly. Heat 

i s  app l i ed  t o  t h e  tube  by a small  furnace and t h e  temperature i s  c o n t r o l l e d  

by an au to t ransformer .  

Discuss ion  

I t  has  been e s t a b l i s h e d  t h a t  two t y p e s  of polymers w u l d  be  s t u d i e d  

du r ing  t h i s  program: (1) s e l e c t e d  commercial polymeric materials, and 

( 2 )  laboratory-prepared "pure" m a t e r i a l s .  S ince  a polyamide, namely 

Nylon-6, has  been s e l e c t e d  by t h e  polymer group f o r  ex tens ive  s tudy  of 

t h e  mechanisms of degrada t ion  (See Sec t ion  I V ) ,  t h e  pre l iminary  t r i a l  of 

the  proposed mass spec t rometer  technique f o r  i d e n t i f i c a t i o n  of v o l a t i l e  

m a t e r i a l  was conducted on a sample of Nylon-6 prepared by t h e  polymer 

group.  

The Nylon-6 w a s  prepared by polymerizing E-caprolactam ( r e c r y s t a l l i z e d  

from cyclohexane) wi th  water a t  265OC; polymerization was c a r r i e d  o u t  i n  

a s e a l e d  ampoule i n  a n i t rogen  atmosphere. A f t e r  a r e a c t i o n  t i m e  of 6 

hours ,  t h e  tube  was opened, water was removed, and t h e  polymer d r i e d  under 

a stream of n i t r o g e n  f o r  2 hours a t  250 C. 0 

About 20 mi l l ig rams of t h e  synthesized Nylon-6 w a s  placed i n  t h e  

6-mm g l a s s  tube  of t h e  sampling s y s t e m  of t h e  mass spec t rometer .  The 

tube  furnace  w a s  t hen  moved i n t o  place around t h e  sample t u b e ,  and t h e  

system was evacuated .  A f t e r  one hour,  t h e  p re s su re  i n  t h e  working volume 

(80 c c )  was allowed t o  come t o  equi l ibr ium,  and then  t h e  mass s p e c t r u m  

was recorded from m / e  2 t o  m / e  360. 

5 hours  and a f t e r  23 hours of evacuation t i m e .  Addi t iona l  mass spectra 

w e r e  ob ta ined  a t  tempera tures  of 48, 96, and 125 C ;  each temperature w a s  

maintained u n t i l  t h e  s p e c t r a  w e r e  scarcely d i f f e r e n t  from t h e  normal 

spec t rometer  background. C h a r a c t e r i s t i c  peak h e i g h t s  of some of t h e  r u n s  

are g iven  i n  Table 11-1. 

The spectrum was ob ta ined  aga in  a f te r  

0 

The largest  p re s su re  reading  of t h e  e n t i r e  run  was observed, as i s  

t o  b e  expec ted ,  dur ing  t h e  f i r s t  hour of evacuat ion  a t  25 C .  The major 

component of t h e  v o l a t i l e  ma te r i a l  w a s  water ;  secondary components w e r e  

E-caprolactam monomer and dimer.  

0 
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- 

m / e  

- 
18 

28 

30 

32 

44 

55 

84 

113 

- 

Lab-Prepared Nylon-6 Com ' 1 Nylon-6 

1 h r  

355 .o 

42.8 

3 .3  

11.8 

25.7 

10.3 

1 .o 

0 .6  

- 118 h r  

4 .4  

15 .4  

0 . 8  

6 .0  

1 . 6  

0 . 8  

0 .4  

0 . 5  

25OC 

1 h r  

633.0 

52.4 

5 . 8  

12.2 

30 .3  

5.7 

1 . 0  

1 . 6  

- 
5 hr  

38.8 

27 .O  

0 .9  

9 .8  

6 . 4  

2.3 

0 . 7  

0 . 5  

- 

- 

23  h r  

20.5 

22 .o 

0.4  

7 . 3  

3.4 

1 .o 

0.3 

0 . 2  

24 h r  

14 .8  

198 .O 

293 .O 

6 . 5  

19.7 

236.7 

113.4 

162.6 

125OC I 25OC 

IO h r  

.o .3 

i6 .O 

i4.5 

6 .2  

6 .2  

i4.8 

I 1  .o 

:7.8 

70 hr 

6 . 0  

17.4 

2 . 8  

5.9 

2.0 

2.6 

0.8 

1.1 

- 2 h r  

350.6 

33 .O 

1 . 4  

10  .o 

19 .o 

1.8 

0 .4  

0 . 5  

3 -Caprolactam 

47 .3  

110.4 

116.7 

15.2 

9 .5  

92.3 

45.3 

66.5 

0 
The exposure a t  48 C was maintained f o r  only a few hours because 

no d i f f e r e n c e s  i n  s p e c t r a  were observed and t h e  t o t a l  i o n  i n t e n s i t y  was 

q u i t e  diminished. Again, t h e  major component was water ,  and t h e  secondary 

component was E-caprolactam monomer. A t  96 C ,  water  and E-caprolactam 

monomer were r e l eased  i n  about equal q u a n t i t i e s ,  and a t  125 C ,  t h e  major 

component was E-caprolactam. 

0 

0 

A s  this r e p o r t  was i n  production, a run on a commercial sample of 

Nylon-6 was begun. Some of t h e  data  on t h e  prel iminary evacuat ion are 

g iven  i n  Table 11-1, and i t  can be seen t h a t  t h e  commercial sample has  

much less f r e e  €-caprolactam than t h e  laboratory-prepared sample. 
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I I I VOLATILE CONDENSABLE MATERIALS 

The l o s s  of ma te r i a l  by evaporat ion or subl imat ion i s  one of t h e  

most obvious e f f e c t s  of a vacuum-thermal environment on polymers. 

Consequently,  t he  polymers which are considered s u i t a b l e  f o r  u s e  i n  

s p a c e c r a f t s  a r e  those  which exh ib i t  a minimum l o s s  of weight when exposed 

t o  t h e  s imulated cond i t ions  of t h e  vacuum and thermal environment of 

space .  However, i t  has  been found t h a t  many polymers which, a t  f i r s t  

s i g h t ,  appear to  be s a t i s f a c t o r y  fo r  use  i n  s p a c e c r a f t s  because of low 

l o s s  of m a t e r i a l ,  when warm may re l ease  substances which condense on 

c o o l e r  su r f aces  and i n t e r f e r e  w i t h  spacec ra f t  f u n c t i o n s .  Condensation of 

m a t e r i a l s  on absorp t ive  or emi t t i ve  c o a t i n g s ,  mirrors or l e n s e s ,  and on 

e l e c t r i c a l  con tac t  p o i n t s  a r e  examples of t hese  i n t e r f e r e n c e s .  

Space probes and s a t e l l i t e s  are  gene ra l ly  designed t o  maintain 

i n t e r n a l  temperatures  of t h e  order  of 25 C ,  bu t  temperatures  a s  much a s  

125 C may occur i n  t h e  v i c i n i t y  of power-diss ipat ing components. Thus, 

a s u i t a b l e  polymer f o r  spacec ra f t  a p p l i c a t i o n  must r e t a i n  i t s  p r o p e r t i e s  

a t  a temperature of 125 C i n  a vacuum and must r e l e a s e  n e g l i g i b l e  amounts 

of m a t e r i a l  which condense on su r faces  a t  25 C .  This  s e c t i o n  desc r ibes  

the  cons t ruc t ion  of an appara tus  fo r  t h e  determinat ion of v o l a t i l e  

condensable m a t e r i a l ,  V.C . M .  , i . e . ,  t he  amount of condensable ma te r i a l  

de r ivab le  from a polymeric substance maintained a t  a temperature  of 

125 C i n  a vacuum. 

0 

0 

0 

0 

0 

V.C . M .  Apparatus 

During t h e  f i r s t  s i x  months of t h i s  program, the  V.C.M. appara tus  

has  been designed and f a b r i c a t e d .  A t  app ropr i a t e  s t a g e s  of f a b r i c a t i o n ,  

t h e  appara tus  was checked f o r  mechanical cons t ruc t ion  f e a t u r e s  and 

e l e c t r i c a l  e f f i c i e n c y ,  and modif icat ions of o r i g i n a l  des ign  w e r e  made 

a s  necessary .  The h e a t e r s  have been designed t o  d e l i v e r  temperatures  

t o  275 C with a var iance  between hea te r s  of no more than 5 C; each h e a t e r  

i s  provided with thermocouples f o r  temperature  measurements. The working 

drawings f o r  t he  apparatus  a r e  given i n  F igu res  111-1, 111-7, 111-8, and 

111-9. 

0 0 
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A schematic drawing of a s i n g l e  u n i t  f o r  determining V.C .M.  i s  shown 

i n  F igu re  111-1. A heavy-walled copper c y l i n d e r  i s  welded t o  a copper 

water-cooled base p l a t e  ; by conduction, t h e  temperature of t h e  heavy- 

walled c y l i n d e r  i s  kept reasonably cons t an t  i n  t h e  v i c i n i t y  of 25 C 

(water tempera ture) .  

i s  l o c a t e d  a x i a l l y  wi th in  t h e  heavy-walled copper c y l i n d e r .  Supported 

around t h e  h e a t e r  i s  a copper s leeve  t o  which can be a t t ached  t h e  polymeric 

o r  e l a s tomer i c  sample under s t u d y .  A t  t h e  mid-point of the  heavy-walled 

copper c y l i n d e r  i s  s i t u a t e d  a polished t ape red  plug he ld  i n  p lace  by a 

screw-clamp (no t  shown i n  F igu re  111-1). I n  o p e r a t i o n ,  t h e  temperature 

of t h e  c e n t r a l  h e a t e r  i s  con t ro l l ed  by an a d j u s t a b l e  auto-transformer 

and an  a u x i l i a r y  r e s i s t a n c e ;  t h e  power inpu t  t o  t h e  h e a t e r  i s  r e g u l a t e d  

s o  a s  t o  main ta in  t h e  temperature of t h e  copper s l e e v e  a t  125 C a s  

i n d i c a t e d  by a copper-Constantan thermocouple. The whole u n i t  i s  mounted 

w i t h i n  a vacuum chamber capable  of main ta in ing  a p re s su re  of a t  l e a s t  

1 x mm of Hg. Mate r i a l  v o l a t i l i z e d  from t h e  sample impinges on t h e  

c o l d  heavy-walled copper c y l i n d e r  and, i f  i t  i s  condensable a t  25 C ,  w i l l  

remain on t h e  c y l i n d e r  w a l l .  Since t h e  po l i shed  t ape red  plug i s  a 

segment of t h e  c y l i n d e r  w a l l ,  ma te r i a l  w i l l  condense upon i t  i n  a s i m i l a r  

f a s h i o n ;  t h e  plug may be weighed beforehand on a microbalance,  and a f t e r  

t h e  t e s t  i t  may be reweighed t o  determine t h e  amount of condensed m a t e r i a l .  

A l t e r n a t i v e l y ,  s i n c e  t h e  tapered  p lug ' s  s u r f a c e  i s  h ighly  po l i shed ,  

d i s c o l o r a t i o n s  or d e p o s i t s  may be detected v i s u a l l y .  The r e l a t i o n  of t h e  

a r e a  of hea ted  sample and t h e  sur face  area of t h e  heavy-walled c y l i n d e r  

upon which ma te r i a l  can condense by s t r a i g h t - l i n e  impingement permi ts  

computation of t h e  amount of V.C.M.  which a g iven  m a t e r i a l  l i b e r a t e s .  

0 

A Nichrome wire h e a t e r ,  wound around a ceramic t u b e ,  

0 

0 

A s  i n d i c a t e d  i n  F igure  111-1, a l i q u i d  nitrogen-cooled s u r f a c e  i s  

maintained j u s t  above t h e  V . C . M .  u n i t .  A series of b a f f l e s  ( A ,  B ,  C )  

a r e  i n t e r p o s e d  between t h e  l i q u i d  nitrogen-cooled s u r f a c e  and t h e  upper 

edges of t h e  heavy-walled copper cy l inde r  i n  o r d e r  t o  prevent i t s  being 

cooled by r a d i a t i o n  t o  t h e  l i q u i d  nitrogen-cooled s u r f a c e .  S i m i l a r l y ,  

s h i e l d s  A ,  B ,  and C mounted loose ly  on a p in  supported by t h e  h e a t e r  

element prevent  undue r a d i a t i o n  and r e s u l t a n t  c o o l i n g  of t h e  copper 
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s l e e v e  and h e a t e r .  The d i s p o s i t i o n  of t h e  s h i e l d s  and b a f f l e s  a r e  such 

a s  t o  minimize thermal g r a d i e n t s  within t h e  V . C . M .  u n i t ;  however, s u f f i c i e n t  

c l e a r a n c e s  have been provided so t h a t  noncondensable m a t e r i a l s  emi t t ed  by 

t h e  sample even tua l ly  can migra te  o u t  of t h e  V . C . M .  u n i t .  Thus, t h e  

l i q u i d  nitrogen-cooled s u r f a c e  acts as  a cryopump. 

Although only  one V . C . M .  u n i t  i s  i n d i c a t e d  i n  F igure  111-1, i n  

o r d e r  t o  permit r e p l i c a t i o n  of samples, a c l u s t e r  of s i x  i d e n t i c a l  u n i t s  

w a s  c o n s t r u c t e d .  F igure  111-2 shows t h e  arrangement of t h e  c l u s t e r  of 

s i x  V . C . M .  u n i t s  and a l s o  shows the u n i t s  i n  va r ious  s t a g e s  of assembly. 

A s  can  be seen  i n  t h i s  f i g u r e ,  t h e  s i x  u n i t s  are p ro tec t ed  from t h e  

ambient environment i n  t h e  vacuum sys t em by two sharp-edged s h i e l d s  

welded t o  t h e  per iphery  of t h e  water-cooled base  p l a t e .  

F igu re  111-3 shows t h e  arrangement of t h e  t h r e e  b a f f l e s ,  and 

F i g u r e  111-4 shows t h e  appearance of t h e  completed V . C . M .  appa ra tus .  

The c l u s t e r  of s i x  V . C . M .  u n i t s  i s  supported on a l e v e r  arm which h o l d s  

i t  i n  p l ace  under t h e  l i q u i d  n i  trogen-cooled s u r f a c e  but  permi ts  i t  t o  

be swung out  of t h e  vacuum chamber f o r  changing of samples. The l i q u i d  

nitrogen-cooled s u r f a c e  i s  t h e  f l a t  bottom o f  a g l a s s  v e s s e l  having t h e  

same diameter a s  t h e  b a f f l e s .  

F igure  111-5 is a detailed view of t h e  h e a t e r  and s l e e v e  assembly 

f o r  a V . C . M .  u n i t .  The complete appara tus  f o r  V . C . M .  determina t ion  i s  

i n d i c a t e d  i n  F igure  111-6; as  can  be seen  i n  t h i s  f i g u r e ,  t h e  vacuum 

chamber i s  an aluminum box wi th  an 18-inch d iameter  Luc i t e  window and 

e n t r y  p o r t .  The vacuum s y s t e m  i s  a compact u n i t  comprising a Welch 

Duo-Seal forepump (No. 1397B), a 6-inch o i l  d i f f u s i o n  pump (CEC Model 

M C F - 7 0 0 ) ,  and a manually-operated va lve  (CVC Type VT-SB-61). A 6-inch 

l i n e  connec ts  t h e  chamber t o  a low-loss t r a p  d i r e c t l y  connected t o  t h e  

o u t l e t  of t h e  va lve .  S u i t a b l e  by-passes and b a l l  va lves  permit "roughing" 

t h e  vacuum chamber and "holding" the d i f f u s i o n  pump dur ing  pre l iminary  

evacuat ion  procedures.  A Pi ran igage  and an i o n i z a t i o n  gage (VG-1A) a r e  

used f o r  measuring t h e  vacuum i n  the chamber. The vacuum chamber can 

e a s i l y  be  evacuated t o  a t  l e a s t  1 x Tor r  and t o  5 x lo-' Torr  w i th  

ope ra t ing  t raps .  
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The V.C .M appara tus  c l u s t e r  was checked p r e l i m i n a r i l y  i n  a vacuum 

of t h e  order of 1 micron; a f i n a l  check was made a t  mm of H g .  I n  

order t o  o b t a i n  a check of t h e  ope ra t ion  of t h e  ending appa ra tus ,  s t r i p s  

of a G.E. s i l i c o n e  rubber  ( r e d )  were f a s t e n e d  t o  the  h e a t e r s  i n  t h e  

c l u s t e r  and, a f t e r  pre l iminary  evacuations t o  5 x mm of Hg (4-5 

h o u r s ) ,  the  h e a t e r s  were turned  o n ( 1 2 5  C )  and l i q u i d  n i t r o g e n  coo l ing  

was i n i t i a t e d .  A f t e r  30 hours,  the run  w a s  d i scon t inued .  F igure  111-10 

shows t h e  appearance of one of t h e  pol i shed  t ape red  p lugs ;  o i l  d r o p l e t s  

and some d i s c o l o r a t i o n  of t h e  polished surface w e r e  c l e a r l y  e v i d e n t .  

0 
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FIG. 111-1 SCHEMATIC DIAGRAM OF A SINGLE VCM UNIT AND ARRANGEMENT 
OF A CLUSTER OF SIX  UNITS 
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FIG. 111-2 INTERNAL VIEW OF VCM APPARATUS SHOWING ARRANGEMENT 
OF HEATER-COLLECTOR ASSEMBLIES AND SHIELDS 
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FIG. 111-3 THE ASSEMBLY OF THE VCM APPARATUS SHOWING 
ARRANGEMENTOF BAFFLES 

FIG. 111-4 COMPLETED ASSEMBLY OF THE VCM PLATES 
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FIG. I 11-5 HEATER AND SH I ELD ASS EM B L Y  FOR VCM 

FIG. 111-6 COMPLETE APPARATUS FOR VCM 
DETERMINATION 
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FIG. 111-7 SCHEMATIC OF COLD COPPER CYLINDER 
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FIG. 111-9 BAFFLE SUPPORT AND BAFFLE ASSEMBLY 
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FIG. 111-10 CONDENSED MATERIAL ON A POLISHED TAPERED PLUG OBTAINED ON A 
PRELIMINARY RUN WITH A SILICONE RUBBER. TINY DROPLETS OF OIL 
ARE VISIBLE; SOME DISCOLORATION OF COPPER PLUG IS DISCERNIBLE 
ON THE ORIGINAL; WEIGHT OF COLLECTED MATERIAL, 0.4 rng 
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I V  POLYMER SYNTHESES AND DEGRADATION STUDIES 

The de termina t ion  of t h e  mechanisms of chemical deg rada t ion  of 

polymeric materials sub jec t ed  t o  condi t ions  of h igh  vacuum and e l e v a t e d  

tempera ture  i s  one of t h e  ob jec t ives  of t h i s  program of work. Two types  

of polymers have been s e l e c t e d  f o r  e x t e n s i v e  s tudy:  

( 2 )  polyurethane. 

(1) polyamide and 

The polyamide degrada t ion  study invo lves  t h e  s y n t h e s i s  of Nylon-6 

by d i f f e r e n t  r o u t e s ,  and t h e  syn thes i s  of d e u t e r a t e d  Nylon-6. S ince  t h e  

mechanisms of t h e  chemical degradation below p y r o l y s i s  t e m p e r a t u r e s  h a s  

been a sub jec t  of i n t e n s i v e  study by many workers,  i n i t i a l  s t u d i e s  are 

concerned with an attempt t o  c o r r e l a t e  t h e  d a t a  r e s u l t i n g  from d i f f e r e n t i a l  

thermal a n a l y s i s ,  thermogravimetric ana lys i s ,  and g a s  chromatography wi th  

publ i shed  d a t a ;  a study of t h e  deutera ted  Nylon-6, i nc lud ing  i n f r a r e d  and 

mass spec t rometer  de t e rmina t ions ,  w i l l  provide i n s i g h t  i n t o  s k e l e t a l  

deg rada t ion  under vacuum-thermal cond i t ions .  

The polyurethane degrada t ion  s tudy ,  i nvo lv ing  t h e  s y n t h e s i s  of two 

s e l e c t e d  polyure thanes ,  i s  concerned p r imar i ly  wi th  fo l lowing  vacuum- 

thermal degrada t ion  by means of i n f r a r e d  spec t roscopy,  and a d d i t i o n a l  

i d e n t i f i c a t i o n  of degrada t ion  products by mass spec t roscopy.  

Apparatus 

The vacuum s y s t e m  which w i l l  be used f o r  s t u d i e s  of polymer degrada- 

t i o n  h a s  been completed; t h e  system employs a CVC MW-300 d i f f u s i o n  pump 

and a Welch Duo-Seal Model 1402 forepump. Pre l iminary  measurements have 

i n d i c a t e d  a p re s su re  of < 10" mm of Hg, a f t e r  a pump-down and bake-out 

pe r iod  of 5 hours .  A Toepler pump and gas  b u r e t t e  h a s  been i n s t a l l e d  i n  

t h e  s y s t e m  i n  o r d e r  t o  collect  and measure  noncondensable g a s e s ;  t h e  

measurement and a n a l y s i s  of t h e  condensable material and noncondensable 

g a s e s  w i l l  p e r m i t  t h e  c a l c u l a t i o n  of a mass ba lance  f o r  t h e  products  of 

deg rada t ion .  
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S y n t h e s i s  and Degradation of Nylons 

2-Oxohexamethylenimine. This i n t e rmed ia t e  w a s  ob ta ined  from t h e  

Matheson Chemical Co., r e c r y s t a l l i z e d  s e v e r a l  t i m e s  from c a r e f u l l y  

p u r i f i e d  cyclohexane, d r i e d  24 hours a t  1 mm of Hg i n  a vacuum oven, and 

s t o r e d  i n  a d e s s i c a t o r .  

Nylon-6. 2-Oxohexamethylenimine w a s  converted t o  Nylon-6 by t rea t -  
0 ment f o r  6 hours a t  250 C1 with  a c a t a l y t i c  amount of w a t e r  i n  a s e a l e d  

g lass  ampoule con ta in ing  a n i t rogen  atmosphere. Following t h i s  t r e a t m e n t ,  

t h e  ampoule w a s  opened, t h e  water w a s  removed, and t h e  r e s i d u e  was f l u s h e d  

wi th  d ry  n i t r o g e n  f o r  4 hours a t  255 C. Then, t h e  ampoule w a s  broken 

t o  f r e e  t h e  milky-white plug of polymer. The i n h e r e n t  v i s c o s i t y  of a 

s o l u t i o n  of t h i s  Nylon i n  m-cresol w a s  0 . 9 6 ,  which corresponds t o  a 

number-average molecular weight of 10,000-12,000. 

0 

- 

2-Oxohexamethylenimine-Nd. Repeated e q u i l i b r a t i o n  of a cyclohexane 

s o l u t i o n  of 2-oxohexamethylenimine wi th  D,O i n  t h e  presence of D,SO, 

r e s u l t e d  i n  85% replacement of t he  N-H groups wi th  N-D groups ,  a s  shown 

by t h e  NMR spectrum. 

Nylon-6-Nd. 2-Oxohexamethylenimine-Nd was conver ted  t o  t h e  N- 

d e u t e r a t e d  Nylon by t h e  method described above f o r  Nylon-6. V i s c o s i t y  

measurement and NMR determina t ion  of t h e  deuterium con ten t  a r e  i n  

p rogres s .  

Ny1on-6-4d2 , fNH-CH2CH2-CD,-CH2CH2-!+-. This  compound i s  now 

be ing  synthes ized  by t h e  following r o u t e :  
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Presen t  e f f o r t s  of t h i s  phase a r e  now on t h e  d e u t e r a t i o n  s t e p  f o r  which 

t h r e e  d i f f e r e n t  methods a r e  a v a i l a b l e ;  t h e s e  a r e  dep ic t ed  below: 

OH 

Zn 

DC1 
) 

II 
N-ND, 

Evalua t ion  of l i t e r a t u r e  d a t a  i n d i c a t e  t h a t  a Clemenson r educ t ion  

(Zn, D C l )  i s  t h e  s imples t  r o u t e  provided t h a t  no d i f f i c u l t i e s  a r i s i n g  

from t h e  hydroxyl group are encountered. The r o u t e  invo lv ing  Raney 

n i c k e l  d e s u l f u r i z a t i o n  has  r e c e n t l y  been r epor t ed  to  y i e l d  a :mix tu re  

of d i d e u t e r o ,  monodeutero and perdeutero products .  A r educ t ion  wi th  

deuterohydraz ine ,  involv ing  t h e  r e f lux  of a ketone wi th  excess  deutero- 

hydraz ine ,  h a s  a l s o  r e c e n t l y  been repor ted ;  t h i s  could r e p r e s e n t  a s imple ,  

bu t  expensive method. 

0 
Nylon-6-6d2 ; ~H-CD,-CH,-CH,CHzCH,-k!~ . This  compound i s  now n 

be ing  synthes ized  by t h e  following r o u t e :  
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Present  e f f o r t s  of t h i s  phase a r e  on t h e  hydrogenation s t e p .  I t  was 

found t h a t  rhodium on alumina i s  an e x c e l l e n t  hydrogenation c a t a l y s t ;  

however, a number of problems s t i l l  need t o  be worked o u t .  I t  i s  known 

t h a t  t h e  hydrogenation of n i t r i l e s  l e a d s  t o  a mixture of primary and 

secondary amines. This  a r i s e s  from t h e  f a c t  t h a t  t h e  hydrogenation of 

a n i t r i l e  proceeds v i a  t h e  in te rmedia te  r educ t ion  t o  an imine which then  

adds another  mole of hydrogen. Unfortunately,  however, t h e  imine can  

a l s o  add a mole of amine, t h u s  g iv ing  rise to  a secondary amine: 

R-CH=NH + R-NH, -+ R-CH,-NH-R + NH, 

I n  t h e  present  c a s e ,  t h e  sepa ra t ion  of primary and secondary amine 

products  i s  d i f f i c u l t  due t o  t h e  extreme hygroscopic n a t u r e  of t h e  d e s i r e d  

primary amine. 

The present  approach i s  t o  ca r ry  ou t  t h e  hydrogenation a t  a r e l a t i v e l y  

h igh  p res su re  of 30-50 atm so a s  t o  reduce t h e  l i f e t i m e  of t h e  in t e rmed ia t e  

imine ,  and to  hydrolyze t h e  c rude  r e a c t i o n  product t o  t h e  a c i d  which, 

u n l i k e  t h e  amine, i s  n o t  hygroscopic.  

N o  degrada t ion  s t u d i e s  have y e t  been undertaken on Nylon samples. 

S y n t h e s i s  and Degradation of Polyurethanes 

I 

and 

I1 

I n i t i a l  s t u d i e s  are concerned with t h e  deg rada t ion  of t h e  fo l lowing  

polyure thanes  : 

f C-N 
W 

Pi  p-2U 

0 0 

4 + ! - N H - O C H z - O  - NH-8-OCH2CH2Oj- n . DDM-2U - 
Pip-2U(polyurethane I )  was chosen f o r  i n i t i a l  s tudy  because of i t s  

s t r u c t u r a l  r e l a t i o n s h i p  t o  polyethylene te rephtha la te . ' - '  I t  w a s  hoped 

t h a t  t h e  knowledge a v a i l a b l e  on polyethylene t e r e p h t h a l a t e  deg rada t ion  
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would prove va luab le  i n  determining t h e  mechanism of polyurethane 

degrada t ion .  

DDM-2U (polyurethane 11) w a s  chosen f o r  t h e  second polymer t o  be 

degraded s ince  i t  r e p r e s e n t s  a molecular s t r u c t u r e  equ iva len t  t o  t h a t  

found i n  commercial po lyure thanes .  

Syn thes i s :  The polyurethanes were prepared by i n t e r f a c i a l  poly- 

condensa t ion  techniques6'8 and s o l u t i o n  polymerization t echn iques .  

For example, 

A 0 0 0 0 7  

W I 

HN NH + ClCOCH,CH,OC-Cl --f -(-COCH2CH,&-NuN+n 

I1 

Degradation: F i lms  of t h e  polymers were cas t  on s a l t  p l a t e s ,  and 

t h e  thermal-vacuum degrada t ion  w a s  followed by observ ing  t h e  changes i n  

i n f r a r e d  s p e c t r a .  

was d e f i n i t e l y  d i s c e r n i b l e  a t  179 C .  For  Pip-2U, no degrada t ion  occurred  

up t o  222 C but was ev iden t  a t  242 C .  C e l l  p r e s su re  dur ing  t h e s e  s t u d i e s  

was of t h e  o r d e r  of lo-* t o  10'' mm of Hg. 

For  DDM-BU, no degrada t ion  occurred  up t o  156OC but 
0 

0 0 

Preliminary q u a l i t a t i v e  d a t a  ( i n f r a r e d  and mass spec t roscopy)  on t h e  

product ob ta ined  from t h e  degrada t ion  of Pip-2U a t  255 C / O . O 1  mm i n d i c a t e  

a mechanism s i m i l a r  t o  t h a t  shown by polye thylene  t e r e p h t h a l a t e :  

0 

(1) Major alkyl-oxygen sc i ss ion ,  

. . . .  .HCH-q /-7 9 -  
N- -+ -N Q-g-OH + H2C=CH-O-C-N 

W 
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(2) Degradation of carbamic a c i d  d e r i v a t i v e s ,  

--f -N Q + coz 
- 8  

-N 

W N + O H  u 
(3 ) Minor d i  spropor t  i ona ti on,  

( 4 )  Amine-vinyl e s t e r  r e a c t i o n ,  

-N ' q- + CO, + CHz-CH, 
\ I  0 

CH3CHO + 

A CH3;9 n 
N - h H O C - N / 2 -  

-Nw I 
Addi t iona l  q u a n t i t a t i v e  d a t a  on the by-products a r e  being ob ta ined .  The 

polymer r e s i d u e  i s  n o t  cross- l inked and appears  t o  reach a l i m i t i n g  s i z e  

w i t h  no f u r t h e r  degradat ion occurr ing.  T h i s  m a t e r i a l  i s  being s tudied  

i n  more d e t a i l  to confirm i t s  s t r u c t u r e .  
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V MECHANICAL PROPERTIES 

The o b j e c t i v e  of t h i s  phase of t h e  program i s  t o  determine t h e  

e f f e c t  of t h e  vacuum-thermal environment on s e l e c t e d  mechanical p r o p e r t i e s  

of cand ida te  e las tomers  and p l a s t i c s .  Three means f o r  s tudying  mechanical 

p r o p e r t i e s  have been s e l e c t e d :  

r e l a x a t i o n ,  (2 )  c r e e p  under cons tan t  l o a d ,  and (3) t e n s i l e  p r o p e r t i e s  a t  

c o n s t a n t  s t r a i n - r a t e .  Measurements w i l l  be performed i n  vacuo a t  125 C 

ove r  a per iod  of t h r e e  months, and f o r  comparison, t h e  mechanical proper- 

t i e s  of t h e  candida te  e las tomers  and p l a s t i c s  w i l l  a l s o  be measured a t  

125 C i n  helium and i n  a i r .  

(1) cont inuous  and i n t e r m i t t e n t  stress 

0 
-- 

0 

I n  o r d e r  t o  p e r m i t  c o r r e l a t i o n  of r e s u l t s  ob ta ined  i n  a vacuum- 

thermal  environment with r e s u l t s  obtained i n  a i r  o r  i n  an i n e r t  atmos- 

phe re ,  measurements of t h e  se l ec t ed  mechanical p r o p e r t i e s  are made wi th  

i d e n t i c a l  test  appa ra tuses .  Since t h e  u s u a l  assembl ies  f o r  measuring 

mechanical p r o p e r t i e s  can  no t  be i n s e r t e d  i n  t h e  a v a i l a b l e  vacuum equip- 

ment, i t  was necessary  t o  cons t ruc t  mu l t ip l e  re laxometers  and c r e e p  test  

appa ra tuses .  The des ign  of t h e  t e s t  equipment and a s s o c i a t e d  instrumenta- 

t i o n  permi ts  making measurements on samples while i n  a vacuum-thermal 

environment . 

Constant s t r a i n - r a t e  measurements wi th  an I n s t r o n  have been performed 

on a l l  m a t e r i a l s  r ece ived ;  t h e s e  tests w i l l  be r epea ted  on samples which 

have been s t o r e d  i n  t h e  v a r i o u s  environments. Highly s t anda rd ized  and 

r e l i a b l e  procedures f o r  t e s t i n g  with t h e  I n s t r o n  have been developed; 

t h u s ,  measurements ob ta ined  on samples be fo re  and a f t e r  s t o r a g e  i n  each 

environment a f f o r d  r e l i a b l e  i n d i c a t i o n  of the n a t u r e  of t h e  changes 

which t h e  e l a s tomer i c  o r  polymeric materials have undergone. 

S t ress -Relaxa t ion  Apparatus 

The b a s i c  s t r e s s - r e l a x a t i o n  tes t  appa ra tus  i s  dep ic t ed  i n  F igu re  V-1 .  

As i n d i c a t e d  i n  t h e  f i g u r e ,  a sample of t h e  e las tomer  i n  t h e  form of an 

accura te ly-cu t  r i n g  i s  mounted between two sample h o l d e r s .  The upper 
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h o l d e r  i s  a t t a c h e d  t o  a load c e l l  and t h e  lower sample ho lde r  i s  connected 

t o  a r a c k ;  t h e  r a c k ' s  p in ion  i s  dr iven  from a gea r  box t o  p o s i t i o n  t h e  

lower sample ho lde r  with r e spec t  t o t h e  upper so a s  t o  d i s t e n d  t h e  sample 

r i n g .  When t h e  sample r i n g  i s  i n  a r e l axed  p o s i t i o n ,  t h e  lower sample 

h o l d e r  i s  a t  i t s  h i g h e s t  p o s i t i o n ;  t h i s  p o s i t i o n  i s  determined by an 

a d j u s t a b l e  s t o p  and may be  de t ec t ed  e l e c t r i c a l l y  by i t s  making c o n t a c t  

w i t h  t h e  s t o p .  When t h e  sample r ing  i s  i n  i t s  s t r a i n e d  p o s i t i o n ,  t h e  

lower sample ho lde r  i s  i n  con tac t  with a lower s t o p ;  th is  i s  a l s o  

d e t e c t e d  e l e c t r i c a l l y .  The pos i t i on  of t h e  lower s t o p  i s  ad jus t ed  a t  

t h e  beginning of t h e  series of tests so a s  t o  correspond t o  a prede ter -  

mined e longa t ion .  The gear-box dr ive  f o r  t h e  rack  and p in ion  i s  ac tua ted  

by a crank  rod which i s  mounted i n  an O-ring s e a l e d  s p h e r i c a l  bea r ing ;  

t h i s  assembly permi ts  c i r c u l a r  and l a t e r a l  motion as w e l l  a s  r o t a t i o n  

about t h e  s h a f t ' s  c e n t r a l  a x i s  ( see  F igu re  V - 2 ) .  Each relaxometer 

a s s e m b l y i s m o u n t e d i n s i d e  a h e a t e r  made from two semicy l ind r i ca l  ceramic 

h e a t i n g  elements supported on a f i r e d  l a v a  base  as i n d i c a t e d  i n  F i g u r e  V - 1 .  

A c y l i n d r i c a l  copper s l eeve  (not  shown i n  F igu re  V - 1 )  prevents  t h e  sample 

from "seeing" t h e  hea t ing  elements and thus  promotes uniform hea t ing  of 

specimens. A r e f l e c t o r  i s  supported a t  t h e  t o p  of t h e  furnace  to  prevent 

t h e  sample from "seeing" t h e  cooled aluminum t o p  p l a t e .  A thermocouple 

i s  mounted i n  t h e  upper s t o p  close t o  t h e  sample ring. The t o p  aluminum 

p l a t e  i s  water-cooled and p r o t e c t s  t h e  s t r a i n  gage from t h e  f u r n a c e ' s  

h e a t .  E ight  i d e n t i c a l  relaxometer assembl ies  are mounted i n  t h e  vacuum 

chamber; another  set of e i g h t  i s  used t o  make comparative tes ts  i n  a i r ,  

and a set  of two f o r  tests i n  helium. The re laxometers  which are mounted 

i n  t h e  vacuum chamber have h e a t e r s  which are supp l i ed  wi th  power from 

s e p a r a t e  v a r i a b l e  au to t ransformers .  

Each relaxometer i s  equipped with a load  c e l l  made by welding a 

Microdot 120-ohm s t r a i n  gage t o  a t h i n  s t r i p  of 304 s t a i n l e s s  steel  

which i s  clamped a t  one end p a r a l l e l  t o  t h e  t o p  aluminum p l a t e  as shown 

i n  F igu re  V - 1 .  The gage i s  centered  between t h e  f r e e  end of t h e  s t a i n l e s s  

s teel  s t r i p  and t h e  clamp. The tens ion  of t he  sample r i n g  under elonga- 

t i o n  i s  t r a n s f e r r e d  by a piano wire from t h e  upper sample ho lde r  t o  t h e  

load  c e l l .  S ince  h igh  s e n s i t i v i t y  i s  d e s i r e d  a t  low d e f l e c t i o n s  of the  
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l oad  cel l  beam, a s e n s i t i v e  120-ohm gage and b r idge  combination i s  

r e q u i r e d .  To guard a g a i n s t  d i s tu rbances ,  a l l  appa ra tus  i s  grounded and 

e l ec t r i ca l  c i r c u i t s  are s h i e l d e d .  A l l  e l e c t r i c a l  connec t ions  are 

s o l d e r e d  o r  welded; t h u s ,  t h e  only  success  of e lectr ical  no i se  a r e  t h e  

wiper arm on each bridge-balancing p r e c i s i o n  poten t iometer  and the  

r o t a r y  swi tch  i n  t h e  inpu t  t o  t h e  single-pen 1-mv reco rde r  which i n d i c a t e s  

t h e  ou tpu t  of t h e  s t ra in-gage  br idges .  

The b r i d g e  c i r c u i t s  are matched t o  20.005 ohm and a r e  composed of 

_+l$ deposited-carbon, 120-ohm r e s i s t o r s  matched t o  kO.005 ohm. Each 

b r i d g e  i s  i n d i v i d u a l l y  powered b y  a Zener diode 10-volt  d . c .  power 

supp ly .  The r e s i s t a n c e  b r idges  a re  immersed i n  a s h i e l d e d ,  a g i t a t e d  o i l  

b a t h  mounted i n  a constant-temperature (35 C )  oven equipped with a blower 

and c o n t r o l l e d  by a bi-metal thermostat  (kl0C).  

of t h e  m a t e r i a l s  t o  be  i n v e s t i g a t e d ,  i t  was found t h a t  l o a d s  of t h e  o r d e r  

of 0 .5  l b  must be app l i ed  t o  t y p i c a l  e las tomer  specimens; a l oad  c e l l  

beam t h i c k n e s s  of 0.037-inch was necessary t o  main ta in  beam d e f l e c t i o n s  

of less than  0.025 i n c h .  Fo r  p l a s t i c  specimens, l oads  of 1 .3  l b s  are 

r e q u i r e d ;  a beam th i ckness  of 0.067 inch  a s s u r e s  beam d e f l e c t i o n s  of less 

t h a n  0.025 inch.. 

0 

From pre l iminary  tests 

The re laxometers  f o r  u s e  i n  t h e  helium environment u t i l i z e  Statham 

350-ohm load  cel ls  wi th  i n t e g r a l  4 ac t ive - l eg  b r idges ;  t h e s e  are a l s o  

supp l i ed  with power from Zener-controlled sources. 

Creer, APDaratus 

Because s t r e s s - r e l a x a t i o n  tes t s  a r e  a p p l i c a b l e  only t o  e l a s tomer i c  

m a t e r i a l s ,  t h e  mechanical behavior of t h e  p l a s t i c  m a t e r i a l s  i n  t h i s  

program (Tef lons ,  M y l a r ,  Nylon) w i l l  be eva lua ted  by means of cons t an t -  

l o a d  tests.  

The c r e e p  appara tus  cons t ruc ted  f o r  t h i s  program s u b j e c t s  dumbbell- 

shaped specimens of s e l e c t e d  materials t o  a cons t an t  l o a d .  Elongat ions  

of specimens a r e  determined by v i sua l  obse rva t ion  wi th  a ca the tometer  

and by photography. The creep apparatus f o r  s t u d i e s  i n  a i r  a t  atmospheric 
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I 

p r e s s u r e  i s  mounted i n  an oven which i s  equipped with an obse rva t ion  

window. The c r e e p  appara tus  mounted wi th in  t h e  vacuum chamber i s  

equipped wi th  hea t ing  e lements ,  copper-Constantan thermocouples, and 

s t a i n l e s s  steel s h i e l d s  t o  prevent s t r a i g h t - l i n e  migra t ion  of vaporized 

p roduc t s  from specimen t o  specimen. Provis ion  i s  made f o r  t h e  app l i ca -  

t i o n  of l oads  a t  any t i m e  a f t e r  t he  d e s i r e d  environmental vacuum-thermal 

c o n d i t i o n s  have been achieved. 

t i o n  p o r t s  t o  permit measurement of e longa t ions .  Dupl ica te  uns t r e s sed  

dumbbellspecimens w i l l  be s t o r e d  i n  t h e  c r e e p  appa ra tus  f o r  t e s t i n g  i n  

t h e  I n s t r o n  a t  t h e  conclus ion  of a tes t  pe r iod .  

The vacuum s y s t e m  i s  equipped wi th  observa- 

Vacuum Svstem 

The l a r g e  vacuum chamber v i s i b l e  i n  F igure  V-3 i s  3 f e e t  i n  d iameter  

and approximately 3 f e e t  i n  l eng th .  The door i s  mounted on a t r a c k  which 

permi ts  i t s  being drawn away from t h e  chamber t o  an  e x t e n t  of 3 o r  4 

f e e t ;  t h u s ,  t h e  e n t i r e  c o n t e n t s  of t h e  chamber a r e  e a s i l y  a c c e s s i b l e .  

The s t r e s s - r e l a x a t i o n  appara tus  i s  mounted on t h e  door as shown i n  

F i g u r e  V-4. The phys ica l  arrangement of t h e  vacuum chamber and s t r a in -  

gage b r idge  power s u p p l i e s ,  r eco rde r s ,  and c o n t r o l  console  f o r  t h e  

vacuum environment system i s  shown i n  F igure  V-3 .  

The evacuat ion  s y s t e m  c o n s i s t s  of a Welch Duo-Seal forepump (No. 

1397B), a 6-inch o i l  d i f f u s i o n  pump (CVC Model PMC-1440) wi th  a chevron- 

type  b a f f l e  (CVC Model BC-41) cooled t o  about -30 C by f l u i d  r e f r i g e r a -  

t i o n ,  and a penumatically-operated va lve  (CVC Type VCS-63). S u i t a b l e  

by-passes and b a l l  va lves  permit "roughing" t h e  vacuum chamber and 

"holding" t h e  d i f f u s i o n  pump during pre l iminary  evacuat ion  procedures.  

A P i r a n i  gage and an i o n i z a t i o n  gage (VG-1A) are used f o r  measuring t h e  

vacuum i n  t h e  chamber. The vacuum chamber can  be evacuated t o  a t  l e a s t  

3 x mm of H g ;  t h e  i o n i z a t i o n  gage i s  mounted i n  t h e  door of t h e  

chamber near  t h e  stress r e l a x a t i o n  appara tus  (see F igure  V-4). 

0 
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Appara tus  f o r  T e s t s  i n  A i r  

E ight  re laxometers  and e i g h t  c reep- tes t  appara tuses  a r e  mounted i n  

an  e lec t r ic  oven (FreasModel124-13, 25 x 19 x 19-inch chamber, windowed 

d o o r ) .  

j o i n t  i n  t h e  door (see F igure  V-2). 

supp l i ed  wi th  t h e  oven has  been replaced by a the rmis to r  temperature- 

s ens ing  dev ice ,  and power t o  t h e  h e a t e r  elements i s  switched by mercury- 

c o n t a c t  r e l a y s .  

The re laxometers  can  be manipulated by a rod through a b a l l  

The temperature senso r  normally 

Apparatus f o r  T e s t s  i n  an I n e r t  Atmosphere 

T e s t s  i n  an i n e r t  atmosphere a re  employed t o  a s s e s s  t h e  e f f e c t  of 

hea t  and oxygen on t h e  mechanical p r o p e r t i e s  of candida te  polymeric ma- 

t e r ia l s .  Because  atmospheric oxygen must  be r i g o r o u s l y  excluded, t h e  

relaxometer u n i t s  are s e a l e d  i n  a can and a slow, s t eady  stream of helium, 

or ano the r  i n e r t  gas i s  maintained f o r  t h e  d u r a t i o n  of a t es t .  Absence 

of oxygen i s  a s su red  by a n a l y s i s  of t h e  e f f l u e n t  gas with a mass spectrom- 

eter  (less than  1 ppm). 

A c y l i n d r i c a l  aluminum can 16-inches i n  d iameter  and 12-inches 

long was c o n s t r u c t e d .  Around t h e  o u t s i d e  of t h e  can was wound a 1000- 

watt  h e a t e r  element,  and t h e  whole was placed i n  a c y l i n d r i c a l  Glas-Col 

h e a t i n g  u n i t  ( t w o  600-watt h e a t e r s ) .  A Mic ro t ro l  temperature sens ing  

element was c o i l e d  around t h e  i n s i d e  of t h e  can;  t h e  sens ing  element 

c o n t r o l s  t h e  1000-watt a u x i l i a r y  hea te r  through a v a r i a b l e  t ransformer ;  

t he  Glas-Col h e a t e r  i s  c o n t r o l l e d  manually by a v a r i a b l e  t r ans fo rmer .  

With appropr i a t e  s e t t i n g s  of t h e  temperature of t h e  Glas-Col h e a t e r  and 

t h e  temperature sens ing  e lement ,  temperature w i t h i n  t h e  can  i s  uniform 

t o  wi th in  kO.6 C .  
0 

Two relaxometer u n i t s  a r e  mounted on a p l a t e  which i s  suspended 

i n s i d e  t h e  can i n  such a way t h a t  only t h e  test specimens (wi th  t h e i r  

h o l d e r s )  and t h e  long ,  t h i n  rod connecting them t o  t h e  rack  and p in ions  

a r e  wi th in  t h e  can.  A s  noted be fo re ,  Statham 350-ohm load  c e l l s  are 

used i n  this appa ra tus ;  they  a r e  i n s e r t e d  between t h e  connecting rods 

and t h e  r a c k s ,  and are water-cooled. 
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Tes t ing  Program 

Representa t ive  polymeric ma te r i a l s  f o r  poss ib l e  long-term space 

use  have been suppl ied  by t h e  Jet  Propulsion Laboratory f o r  eva lua t ion  

i n  t h i s  program. Table V-1 shows t h e  m a t e r i a l s  and programmed tes ts .  

Table V-1 

MECHANICAL PROPERTIES TESTING PROGRAM 

Mater ia l  

Tef lon  TF'E 

Teflon FEP-100 

V i  t o n  A (A4411A-776) 

Vi ton  AHV(A4411A-777) 

Viton B (A441lA-778) 

G . E .  S i l i c o n  Rubber 

Red (SE-555) 

Grey  

Whit e 

Mylar A500 

Mylar A200 

Mylar A100 

DuPont Nylon-6 

Epoxy-polyamide EM- 
(Bloomi ngdale ) 

0 

Vacuum, 3 mos . 
S* 

1 ** 
1 

1 

2 

1 

1 

2 

2 

2 

1 

1 

2 

2 

Atmos., 3 mos. 

R S 

1 

1 

1 

1 

1 

1 

2 

2 

2 

1 

1 

2 

2 

~~ 

Helium, 100 h r s .  

R C S 

8 

9 

2 

6 

1 

3 

4 

5 

10 

13 

11 

12 

7 

*R = S t r e s s  Relaxat ion;  C = Creep; S = Storage  

**l-12 i n d i c a t e  P r i o r i t y  of t e s t i n g  
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I t  i s  planned that tests i n  t h e  vacuum-thermal environment and i n  the  

a i r  environment w i l l  be of 3-months' d u r a t i o n ,  and w i l l  be conducted a t  

125OC. 

hour s '  du ra t ion .  

employed i n  a d d i t i o n  t o  125 C i n  t h e  s h o r t e r  du ra t ion  t e s t s ,  if appro- 

p r i a t e ,  t o  a c c e l e r a t e  t he  degradat ion of t h e  e las tomers .  

T e s t s  i n  t h e  i n e r t  atmosphere environment w i l l  be of about 100 
0 T e s t  temperatures  of 150 , 175O and 2OO0C may be 

0 

The dimensions of t h e  sample r ings  used i n  t h e  s t r e s s - r e l a x a t i o n  

tests a r e  nominally 1.39-inches O . D . ,  1.24-inches I . D . ,  and 0.04-inches 

t h i c k .  Rings have been c u t  from a l l  a v a i l a b l e  e las tomer samples, and 

t h e  dimension of each r i n g  has  been  accu ra t e ly  determined t o  wi th in  

0 . 1  m i l .  

The nominal dimensions of t h e  dumbbell-shaped specimens used i n  t h e  

c r e e p  tests a r e :  0.75-inch gage-length, 0.10-inch width gage s e c t i o n ,  

and 0.010 t o  0.050-inch i n  th ickness ,  according t o  a v a i l a b l e  m a t e r i a l  

samples.  Due t o  space l i m i t a t i o n s  i n  t h e  vacuum chamber, t h e  dumbbell- 

shaped specimens and ho lde r s  used  i n  t h i s  program are smal le r  t han  those  

o r d i n a r i l y  used.  Consequently, prel iminary c r e e p  and t e n s i l e  tests have 

been performed on mul t ip l e  dumbbell samples t o  e s t a b l i s h  load  ranges ,  

e f f e c t i v e  gage-lengths,  and r e p r o d u c i b i l i t y  of test da ta .  
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FIG. V-1 SCHEMATIC ASSEMBLY DRAWING OF RELAXOMETER 
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FIG. V-2 SPHERICAL BEARING AND SLIDE ROD 
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FIG. V-3 VACUUM CHAMBER WITH ASSOCIATED INSTRUMENTATION 
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FIG. '4-4 STRESS RELAXATION ASSEMBLY MOUNTED ON VACUUM CHAMBER DOOR 

36 


